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(57) Abstract 

Of particular application in equalising digital signals with analogue modulation, where use is made «J^"*^^J°?™* 
by a previously known sequence of symbols which is applied to said equaliser simultaneously w.th the demodulated signal presen in the 
receiver In this way a first estimate is made of the coefficients of the .filter or filters of the equl.ser that compensate the linear distortions 
m^^mi sio 'channel. The training sequence (TS). before being used in the equaliser (CEQ). » first applied >o a lo = fil ter 
whose transfer function is the same as that of the premodulation filter employed in the modulator Th.s transfer function also '"corpontes 
distortion effects, both linear and non-linear, to. which the data are subjected in the receive side when they have been demodulated prior to 
their detection or regeneration. 
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ADAPTIVE EQUALESER 
OMECT OF T HE INVENTION 

This invention refers to an equaliser of the adaptive type employed in 
transmission systems where the transmission channel does not have a flat 

5 transfer function, but where, due particularly to multipropagation effects, the 
signal at the receiver input includes linear distortion that considerably 
impairs its quality. 

To correct these effects, use is made of channel equalisers the purpose 
of which is to compensate these effects by means of certain mathematical 

10 algorithms. These algorithms converge towards an error signal with value 
zero or sufficiently small when the signals they, receive are subject, during 
reception, to a linear process; however, the same does not occur, or at least 
not at the same speed, when the signals are subjected to a significantly non- 
linear process. 

15 The object of this invention is to develop a channel adaptive equaliser 

that can be applied to the reception of signals subjected to deterministic 
linear and /or non-linear processes. 
BACKGROUND OF THE INV ENTION 

The use of frequency modulation techniques of the GFSK type, like 

20 that employed in the Digital European Cordless Telecommunications (DECT) 
standard, make it advisable to use frequency demodulators based, for 
example, on discriminators; in this way it is-possible to recover the data by 
means of a simple threshold detector in order to decide between the two logic 
states, 0 or 1. 

25 In certain environments where these systems are applied, this type of 

receiver is sufficient because the maximum spread of the signal at the 
receiver is considerably less than one symbol and, consequently, the 
intersymbol interference produced in the channel is hardly appreciable. 
However in applications where radio coverage is greater, the letter is not 

30 true. In such situations it becomes advisable to make use of equalisers that 
remedy this signal-degrading effect resulting in the error probability of 
recovered symbols being notably enhanced. 

For this reason, use is made of an equaliser of the type illustrated in 
the article "Adaptive equalisation for DECT systems operating in low time- 

35 dispersive channels" by J. Fuhl and G. Schultes, published in the magazine 
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Electronics Letters of November 25, 1993, vol. 29, No.24, pages 2076 and 2077. 

In this article use is made of an equaliser of the type DFE (Decision 
Feedback Equaliser) well known. In it, the training sequence employed is the 
16-bit burst synchronisation as defined by the DECT. The training sequence 
5 is stored in a ROM and applied to the equaliser at the moment when the 16 
bits appear at the receiver input, instead of the actually received signal. This 
prevents the possible errors produced in the detector, when the filter 
coefficients are still inexact, from being fedback to the equaliser and, 
therefore, a faster convergence occurs. 
10 Nevertheless, when the demodulator is of the non-linear type like, for 

example, a frequency discriminator, even under ideal conditions of 
propagation, the demodulated signal can be considerably distorted due to the 
action of the demodulator Under these conditions, adequate convergence 
does not occur, since no allowance is made for the non-linear process to 
15 which the received signals are subjected. 

CHARACTERISATION OF THE INVENTION 

The technical problem stated above is overcome by the application of 
this invention which permits the use of non-linear demodulators combined 
with adaptive equalisers for the equalisation of digital signals with analogue 
20 modulation that makes use of a training sequence formed by a previously 
known symbol sequence. 

In the equaliser training -phase, this sequence is applied to the 
equaliser simultaneously with that received in order to make thereby a first 
estimate of the coefficients of the filter or filters of the equaliser. 
25 So as to make possible and hasten the convergence of the coefficients 

mentioned, the training sequence is not constituted by the digital symbols 
transmitted but, instead, it is formed by a cadence of samples that represents 
the training sequence just as it would be received at the output of the 
demodulator in the absence of noise and of multipropagation. 
30 Thus; the new training sequence is obtained through the application of 

a lowpass filter whose transfer function is the same as that of the 
premodulation filter employed in the modulator and, thereby, allowance is 
made for the prior linear distortion due to the filtering that occurs in the 
modulator. 

35 Subsequently the non-linear distortion effects to which the data are 
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subjected in the reception side during demodulation and prior to their 
detection or regeneration, are included; and, finally, the effects of the 
predetection filter for limiting noise bandwidth are incorporated and which 
can partlv filter out the high-frequency components of the signal. 

5 With the application of this invention, a much more realistic 

convergence of the equaliser filter coefficients takes place since allowance is 
made for really all prior impairment effects suffered by the signal that is 
actually applied to the equaliser, whereby the error probability for the same 
noise conditions is considerably improved. 

,0 R frfFF FOOTN O TE TO THE FIGURES 

Below a fuller explanation of the invention is given in a description ot 
an implementation based on the figures attached, in which: 

- figure 1 shows a general block diagram of the final part of a receiver 
based on a frequency discriminator without equaliser, 

15 - figure 2 shows part of the above diagram, in which an equaliser of 

the type known as DFE has been included, 

- figure 3 shows the previous case but in which a signal-shaping 
• module that is applied to the training sequence, in accordance with the 

invention, has been incorporated, 
20 - figure 4 shows the configuration of a demodulator based on a 

frequency discriminator, 

- figure 5 shows, in the form of functional blocks, the different effects 
that the signal suffers on its way to the demodulator and which are taken into 
account in the shaping of the signal that is fedback to the equaliser, and 

■>s - figure 6.A shows the waveform of the training sequence employed in 

the DFE according to the state of the art, and figures 6.B and 6.C those 
employed according to the invention, including, respectively, only the 
premodulator filter and the series of effects, both linear and non-hnear, in the 
receive side. 

, 0 r^rttiPTION " F IMPLEMENTATION OF THE INVENTION 

This invention, in a preferred implementation, finds application in the 
receiver of a digital communications system with GFSK modulation, which is 
the type employed in the Digital European Cordless Telecommunications 

(DECT) svstem. . 
35 Figure 1, as already mentioned, shows part of the receive side used, in 
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which a frequency conversion takes place to an intermediate frequency; in it, 
the modulated signal Xj is first applied to a bandpass filter FI, the bandwidth 
of which is that of the channel, in order to suppress out-of-band noise as well 
as other components resulting from the earlier mixing and which are located 
5 outside the band (mainly image frequency). 

Subsequently it is applied to an amplitude limiter LIM, the function of 
which is to clip the input signal so that, at its output, the signal amplitude is 
always constant. This means the demodulation of the signal can be 
performed without recurring to automatic gain control processes. Since this is 
10 a system with frequency modulation and constant envelope, when filtering 
the clipped signal again with an intermediate frequency filter, the original 
signal is obtained but, this time, with an amplitude that is always constant. 

A frequency discriminator DIS is then employed, the structure of 
which is shown in figure 4. As already known, this is a multiplier M, which 
15 is a non-linear element that multiplies the signal to be demodulated by 
another which is the derivative of the first and shifted in phase by 90". 

The fact that the phase shift for each symbol period is not perfectly 
defined, as occurs with GMSK for example, makes phase demodulation 
practically unfeasible. 
20 The output signal from the frequency discriminator DIS is applied to a 

lowpass filter LPF to remove the noise, especially that of the highest 
frequencies the effect of which is the-most pernicious since, as is known, the 
spectral noise density at the output of a frequency demodulator is of the 
parabolic type. 

25 Finally the output signal from the above lowpass filter LPF is sent to a 

symbol detector DET which, in the simplest form* is a comparator with a 
reference level that corresponds to that which the demodulator would 
provide in the absence of a modulating signal; that is, when only the carrier 
is received. In this event, the values above the reference level are equivalent 

30 to one logical value and, below it to the other logical value. Clearly much 
more complex detectors can be used, which give a lower probability of error 
under the same noise conditions, but this has no effect on the object of the 
invention. 

Initially, the DECT system was used in reduced environments where 
35 the maximum delay was much less than a symbol period, consequently the 
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multipropagation effect was hardly significant and channel equalisation was 
unnecessary. Nevertheless, later usage in environments of greater coverage 
results in that the channel model presents serious impairments which can be 
corrected by using equalisers. 

This is possible, as has now been proposed in various articles, by 
employing the synchronising sequence of the DECT bursts as training 
sequences for the proposed equaliser. 

With reference to all of the foregoing, figure 2 shows part of a receiver 
used in the DECT. It includes an equaliser CEQ of the type known as DFE 
(Decision Feedback Equaliser) that uses an RLS adaptation algorithm, since 
there are only 16 bits available for the filter coefficients to reach suitable 
values. 

This equaliser is situated just before the symbol detector DET and has 
a frequency domain response that compensates for the non-linear response 
curve of the channel resulting from the distortion in it. In this way, the signal 
that enters the symbol detector DET, when equaliser convergence has been 
completed, would be free from pernicious effects due to the linear distortion 
in the channel over which the signal coming from the associated transmitter 
is received. 

In this type of equaliser, in order to reach convergence faster, use is 
made of a training sequence that is already known at both ends. This means 
that, even when the initial values of the coefficients of the equaliser CEQ are 
far from the values they should finally have (which would result in a high 
number of detector errors and consequently a very slow or even unattainable 
convergence), there is more rapid and certain convergence since the data 
fedback to the equaliser CEQ in question are correct. 

This is also shown in figure 2 in which the training sequence TS. which 
in this case for DECT is the burst synchronising sequence, is stored in a logic 
circuit and is fedback to the equaliser CEQ via the switch SW when the 
arrival of said synchronising sequence is expected within the burst starting to 
be received! When the sequence has been received fully, the switch SW 
changes position in order then to feedback the data recovered by the symbol 
detector DET, which now correspond to information bits. 

Nevertheless, along the transmission chain as far as the input to the 
35 symbol detector DET, the signal goes through different elements that distort 
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it both linearly and non-linearly, which are not initially allowed for in the 
equalisation process. For this reason, as can be seen in figure 3, a wave- 
shaping module SHAP is included which receives the symbols that are 
fedback to the equaliser CEQ, either of the training sequence or of the actual 
output symbols from the detector, accordingly. 

The transfer function is a table of values that have been obtained 
experimentally by applying the training sequence in the transmitter, before 
the modulator, and taking the corresponding readings of the signal obtained 
at the input to the symbol detector DET. 
> Figure 5 shows symbolically what elements are taken into account in 

the transfer function of the wave-shaper SHAP and which are, on the 
transmission side, the premodulation Gaussian filter GFIL and the frequency 
modulator FMOD and, in the reception side, the amplitude limiter LIM, the 
frequency discriminator DIS and the lowpass filter LPF in predetection. 
5 The filters introduce a linear distortion that produces an increase in 

the intersymbol interference, while the frequency modulator FMOD and the 
frequency discriminator DIS introduce non-linear distortion because the 
voltage-frequency conversion characteristic in one case and the frequency- 
voltage characteristic in the other are not constant as they would be in an 
10 ideal situation. These effects are also allowed for by the equaliser. 

When the training phase of the equaliser CEQ has been completed and 
convergence has been reached, the-adaptation algorithm, which is developed 
in a calculation module A DAP, is frozen, whereby the coefficients calculated 
in both filters, that of current symbols FFF and that of past symbols FBF, are 
25 held constant until the end of the burst. 

Alternatively, and according to a selection made in the equaliser, 
when the training sequence has been received, the data obtained at the 
output of the detector DET are fedback, maintaining the adaptation 
algorithm active. 

30 To demonstrate more clearly the improvement produced by the 

invention on the equaliser, figure 6. A shows the training sequence employed 
in an equaliser according to the state of the art; on the other hand, figure 6.B 
shows the same training sequence as received at the input of the detector 
DET in the absence of noise and in the event that all the elements in the chain 

35 up to the detector input are ideal. According to the invention, the wave- 
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shaper SHAP incorporates, at least, this effect. 

Finally figure 6.C shows again the training sequence that is received at 
the input of the detector DET in the absence of noise and taking into account 
the non-ideal effects of the elements mentioned above. In the complete 
application of the invention, the wave-shaper SHAP incorporates all these 
effects, which are stored in a read-only memory (ROM). 

An equaliser, as is known, in the training phase performs a 
■comparison" between the known training sequence and the signal received 
at the input to the decision circuit, such that an error signal is obtained, the 
mean square value of which tends asymptotically to zero. As the signal at the 
input to the equaliser takes the form of the sequence in figure 6.C but to 
which is added noise and linear distortion due to the effects of the channel, it 
can be seen that if the comparison is made with the sequence of figure 6.C, 
the convergence is faster and more precise than if it is done with the sequence 
of figure 6 B which only takes into account the premodulation Gaussian filter 
and, naturallv, much more than if the sequence employed is that of figure 6.A 
which only contemplates the actual bits in the training sequence. 
Definitively then, the result is improved error probability. 
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CLAIMS 

1.- ADAPTIVE EQUALISER for equalising digital signals with 
analogue modulation and which makes use of a training sequence formed by 
a previously known sequence of symbols and which is applied to the 

5 equaliser simultaneously with the reception of the same in order to, in this 
way, perform an initial estimation of the coefficients of the filter or filters of 
the equaliser; said equaliser being characterised in that the sequence 
employed in its training phase is the result of applying the training sequence 
(TS) to a low pass filter whose transfer function is the same as that of the 

10 premodulation filter (GFIL) employed in the modulator. 

2 - ADAPTIVE EQUALISER according to claim 1, characterised in 
that the sequence employed in the training phase includes also the effects of 
distortion, both linear and non-linear, that the data experience in the receive 
side when they have been demodulated and prior to their detection or 

15 regeneration. 

3 - ADAPTIVE EQUALISER according to claim 2, characterised in 
that said effects of distortion, both linear and non-linear, are obtained by 
readings at the output of the demodulator when the corresponding carrier 
modulated by the training sequence is applied to the input of the receiver. 

20 4 - ADAPTIVE EQUALISER according to claim 1, characterised in 

that to obtain the sequence employed in the training phase, the training 
sequence is applied to a data shaping table (SHAP) which implements the 
transfer function that includes the effects of distortion mentioned. 

5 - ADAPTIVE EQUALISER according to claim 4, characterised in 
2? that when the training phase has been completed, said equaliser (CEQ) 

freezes the adaptation algorithm so that the coefficients of its filters remain 
constant until the end of the burst that is being received. 

6 - ADAPTIVE EQUALISER according to claim 4, characterised in 
that, once the training phase has been completed, when the equaliser (CEQ) 

30 is in the tracking phase, the data obtained by the detector (DET) that are 
fedback to the adaptive equaliser, are first passed through the data shaping 
table (SHAP) so that during the tracking phase, allowance is also made for 
the effects of both linear and non-linear distortion suffered by the signal 
present at the input to the detector (DET). 
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